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flora of dryland and irrigated agroecosystems in
the Gangetic plains of India
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Department of Botany, Banaras Hindu University, Varanasi, India
The relative abundance of the weed functional types in dryland and irrigated rice in the Kharif
(summer) crop field and dryland lentil and wheat in the irrigated Rabi (winter) crop field was
studied at the agricultural farm of Banaras Hindu University, Varanasi, India. A total of 22
species, belonging to 17 families,was recorded in the dryland and irrigated rice ecosystems and
18 species, belonging to eight families, were recorded in the dryland lentil and irrigated wheat
ecosystems.The ImportanceValue Index (IVI) of the hemicryptophytes showed an increasing
trend with the crop growth period in the case of the dryland rice, whereas in the irrigated rice
plots, a reduction in the IVI of the hemicryptophytes, with a related increase in the importance
of the therophytes,was observed as the crop attained maturity.Also, the trend of a decreased IVI
was observed for the geophytes in the fertilized dryland rice plots.The principal components
analysis (PCA) ordination showed the uniqueness of the crop plot in terms of weed species
composition.The PCA analysis of the functional types on the basis of the crop plots indicated
that the hemicryptophyte and therophyte weed species composition was heavily altered at the
initial and final sampling, although the weed flora was dominated by the therophytes and
geophytes. These results suggest the prioritization of hierarchical temporal management
options for the functional weed types in different crop plots and that this approach warrants
further investigation.
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INTRODUCTION
Functional types are groups of species that use the same
resources and respond to the environment in a similar
way (Díaz & Cabido 2001). The factors influencing
the number of functional types may be very different
from those influencing the number of species within a
functional type (Cody 1991; Huston 1994). Raunkiaer
(1934) emphasized that the growth of higher plants
depends on the initiation of tissues at the apices (mer-
istems) and he classified plants according to their “life-
forms”, in which these meristems were held and
protected. Life-forms have been suggested as a first
approximation for functional type subdivision (Lavorel
et al. 1997). Recently, interest has shifted gradually from
the classical phylogenetic approach to classifying species
into groups that relate directly to function, based on
shared biological characteristics or species traits (Lavorel
et al. 1997; Semenova & van der Maarel 2000). The
growing awareness that functional diversity, rather than
species numbers per se, strongly determines ecosystem
processes, such as resource dynamics and biomass pro-
duction (Diáz & Cabido 2001), accelerated the overall
understanding of this process. Moreover, plant functional
classifications are useful to predict the dynamics of plant
communities subjected to disturbances (Noble & Gitay
1996) and the higher level of abstraction in comparison
with species-based analyses is essential for comparing
vegetation dynamics and ecosystem processes over dif-
ferent biogeographical regions (Diáz & Cabido 2001).
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Functional classifications of plants have been used as an
alternative to overcome the limitations of species-based
descriptions and will be essential for studying and pre-
dicting the consequences of global climate change on
vegetation and ecosystem processes. However, such ideas
rarely have been applied for the management of weeds in
crop fields. Lemerle et al. (2004) discussed the potential
role of weed functional groups in cropping systems. But,
there is still a scarcity of knowledge regarding the distri-
bution of functional groups in a particular crop at the
temporal scale.
Weeds pose a serious problem in crop production as they
adversely affect the crop yield and quality of the harvest,
consequently increasing the production costs and result-
ing in economic losses. Various management practises
have been adopted to fight the threat of weeds in crop
plots. They are grouped under five general headings:
preventive, cultural, mechanical (physical), biological, and
chemical.The preventive and biological controls are con-
sidered to be the best as they do not involve a toxic risk
to humans (Benvenuti 2007).
The functional classification of weeds in crop plots is an
emerging area of research for the management of weeds
in crop fields. The basic idea of this study is to design
how the datasets of functional types can be best utilized
for the efficient management of weeds in crop plots.
Such methods would be valuable in prioritizing man-
agement efforts for different weeds in crops.
The objective of the study is to understand how the
relative abundance of weeds belonging to different func-
tional types changes in different crop fields (dryland and
irrigated rice, Kharif [summer season] and lentil and
wheat, Rabi [winter season]) in the upper Gangetic
Plains of India and how the generated information could
be utilized to achieve the best management strategies.
MATERIALS AND METHODS
Study site
The study was conducted at the experimental farm of
the Institute of Agricultural Science (25°18′N and
80°1′E), Banaras Hindu University,Varanasi, India. The
altitude is 76 m a.s.l. The soil was Inceptisol, a pale-
brown loam. The climate is tropical with three distinct
seasons, namely winter (November–February), summer
(April–June), and rainy (July–September). October and
March constitute transitional months between the rainy
and winter seasons and between the winter and summer
seasons, respectively. The annual rainfall averages
1100 mm, of which 85% falls during the rainy season
from the south-west monsoon. About 55 rainy days
occur in the annual cycle and there is an extended dry
period of ~9 months. There are long breaks between
rainy days, even during the rainy season. Warm condi-
tions (24–36°C) and a high relative humidity (70–95%)
prevail during the rainy season.
Methods
For the field experiments, two areas were selected: (i) a
low-lying agricultural field for irrigated rice; and (ii) an
upland field for dryland rice.The experiment was set in a
completely randomized block design. These fields had
been subjected to the same treatments, as described
below, for 12 years. For the rice crop, in each of the above
two experimental fields, there were 24 plots (12 in the
dryland and 12 in the irrigated fields), each 5 m ¥ 3 m in
size. For the wheat and lentil crops, six plots each were
established. The plot size for these two crops was
9 m ¥ 6 m in size. Strips of 0.5 m separated each plot
from the other.Twelve fertilized plots (six in the dryland
and six in the irrigated fields) and 12 control plots (six in
the dryland and six in the irrigated fields) were used as an
experimental plot. In both the dryland and irrigated
fields, three fertilized plots had weed-only plots and three
had rice + weed plots. Similarly, in each case there were
three control plots with weed-only and three with rice +
weed treatments. In the dryland lentil and irrigated wheat
agroecosystems, weed-only and control (no fertilizer
treatment) plots were not established because of the
unavailability of field plots for experimental purposes.
Three samples (0–10 cm depth) of the bulk (between the
plant rows) soils were collected separately from each plot
by using a 5 cm diameter soil corer (Varanasi, India) and
they were composited for each plot. One part of each
sample was weighed and oven-dried at 105°C to deter-
mine the moisture content. Once during the study
period, the air-dried soil samples, sieved through a 2 mm
mesh screen, were analyzed for bulk density, porosity,
water holding capacity (WHC), pH, organic carbon
(OC), total nitrogen (TN), and total phosphorus (TP).
The OC was determined by the Walkley-Black Rapid
Titration method (Jackson 1958), the TN was deter-
mined by the macro-Kjeldahl method, and the TP was
determined by the perchloric extraction method (Moore
& Chapman 1986).
The basal treatment of KCl + P2O5 + farmyard manure,
at the rate of 60:60:1000 kg ha-1, respectively, was
applied to the control, as well as the fertilized plots in the
rice crop. P2O5 was applied in the form of single super
phosphate. In the fertilized plots, urea was applied in
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three split doses during the rice crop period, at
40 kg N ha-1 initially and 30 kg N ha-1 later. In the
lentil crop, the recommended dose of N:P:K was used
(80:40:30 kg ha-1). In the wheat crop, the recommended
dose of N:P:K was 120:80:40 kg ha-1.All the plots were
irrigated as and when required.
The phytosociological analysis of weed vegetation in the
dryland and irrigated agroecosystems was accomplished
by randomly using 12 10 cm ¥ 10 cm (Singh 2003)
quadrats in each plot, with the initial sampling at 30 days
for the dryland field and 15 days for the irrigated rice
field and the final sampling at 90 days and 125 days,
respectively.
The phytosociological analysis of weed vegetation in the
wheat and lentil crops was accomplished by randomly
using eight 25 cm ¥ 25 cm (Singh 2003; Young &
Thorne 2004) quadrat plots, with the initial sampling at
25 days for both the crops and the final sampling at
85 days for the lentil crop and 105 days for the wheat
crop. The Importance Value Index (IVI) was calculated
for all the species by summing up the values of their
relative density (RD) and relative frequency (RF) (Curtis
& McIntosh 1950) for each crop.
The statistical analysis was done using SPSS software
(SPSS, Chicago, IL, USA). anova and highest signifi-
cant difference (HSD) at the 0.05 probability level were
used to test the differences. The functional types
were grouped on the basis of Raunkiaer life-forms
(Raunkiaer 1934).
The different crop plots were ordinated using the IVI of
the weed species by principal components analysis
(PCA) with Biodiversity Pro Ver. 2 software (McAleece
1997).The crop plots also were ordinated on the basis of
the mean IVI values of the different functional types of
weeds and the different functional types also were ordi-
nated on the basis of the crop plots.
RESULTS AND DISCUSSION
Physico-chemical properties of the soil
The experimental soils were moderately fertile, with
0.64–0.66% OC, 0.07–0.08% TN, and 167–171 mg g-1
TP (Table 1). The statistical analysis indicated that the
soils of the dryland and irrigated plots did not differ from
each other. Thus, they were not related to the weed
vegetation. The soil in the irrigated rice plots, as stated
earlier, was kept flooded and, therefore, was saturated
with water until 2 weeks before harvest. In the dryland
plots during the rice crop period, the fertilized plots
always had lower gravimetric soil moisture levels com-
pared with the unfertilized control plots (Fig. 1a). The
relatively lower soil moisture in the fertilized plots
during the period when the soil was not saturated by
rains might be related to comparatively more plant
uptake resulting from the greater vegetative growth in
the fertilized plots. During the initial rice crop period,
the soil was saturated because of sufficient rainfall but, as
the rain receded, the soil moisture reduced and was only
20% of the water-holding capacity at the time of rice
crop maturity. During the winter crop period, the irri-
gated wheat plots had significantly higher soil moisture
compared to the lentil plots established in dryland con-
ditions (Fig. 1b,c).
Composition of the weed flora
The overall composition of the weed flora of the
dryland and irrigated agroecosystems in the Kharif and
Rabi crop periods is given in Table 2. As many as 22
species, belonging to 17 families, were found in the
experimental area. Of these, 17 species occurred in the
dryland rice plots and 18 in the irrigated rice plots
during the rainy season (Kharif crop period). During
this season, 13 species were common to the dryland
and irrigated plots and four and five species were
unique to the dryland and irrigated plots, respectively.
The important species that were unique to the dryland
rice plots were Aneilema nudiflorum (Aneilema) and
Cynodon dactylon (Bermudagrass).The important species
that were exclusively present in the irrigated rice plots
Table 1. Physico-chemical properties of the soils in the





1.42  0.04a 1.38  0.03a
Porosity (%) 46.54  1.65a 47.80  0.98a
Water-holding
capacity (%)
43.08  0.99a 43.68  2.37a
pH 7.47  0.18a 7.55  0.21a
Organic carbon (%) 0.64  0.06a 0.66  0.03a
Total nitrogen (%) 0.07  0.01a 0.08  0.01a
Total phosphorus
(mg g-1)
166.67  16.67a 171.00  11.15a
†Values affixed with similar letters did not differ significantly in the row.
Unpublished data (values are the mean  SE).
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were Monochoria vaginalis (Monochoria), Ipomoea
aquatica (water spinach), and Commelina benghalensis
(Benghal dayflower).
During the winter season (Rabi crop period), the
dryland lentil plot had 13 species, whereas the weed
number was significantly higher in the irrigated wheat
plots as these contained 17 weed species (Table 2). Of
these, 12 species were common to the dryland lentil and
irrigated wheat plots, one species was unique to the
dryland plots, and four species were unique to the irri-
gated plots. The important weed species during the
winter crop period were Anagallis arvensis (scarlet pim-
pernel), Cyperus spp. (sedge species), Rungia parviflora
(rungia), Solanum nigrum (black nightshade), Phyllanthus
niruri (stone-breaker), and Alternanthera sessilis (sessile
joyweed). During the winter crop period in the irrigated
wheat plots, Corchorus acutangulus (East Indian mallow),
Chenopodium album (meldweed), Melilotus indica (India
sweetclover), Vicia hirsute (tiny vetch), and Vicia sativa
(narrow-leaf vetch) were present exclusively.
The PCA ordination of all the crops, on the basis of the
IVI of the weed species for the initial days after sowing
(DAS) and the final DAS, is illustrated in Fig. 2a,b.The
PCA axes 1 and 2 accounted for 26% and 16% of the
variation for the initial DAS, respectively, and 25% and
11% of the variation for the final DAS, respectively.The
PCA ordination showed the uniqueness of the crop plot
in terms of weed species composition, as the crop plots
were not spatially associated for the initial and final DAS.
This indicates that the weed species composition at the
initial DAS was distinct from that at the final DAS.
Functional (life-forms) types
In the present study, the therophytes constituted the
dominant plant functional group of the dryland rice
plots across the treatments (Table 3). They were fol-
lowed by the geophytes, whereas the hemicryptophytes
were poorly represented by the weed flora. The thero-
phytes are annuals, the seeds survive unfavorable con-
DAS



































































Fig. 1. Moisture content (%) of the soils in the (a)
dryland rice plots, (b) dryland lentil plots, and (c)
irrigated wheat plots. DAS, days after sowing.
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ditions, and they complete their life cycle from seed to
seed in one season. These are the ruderals of Grime’s
Competition, Stress, Ruderal (CSR) scheme and the
r-strategists of MacArthur-Fretwell strategies. The
therophytes disperse effectively and exploit resources
rapidly (Grime 1974, 1979; McIntyre et al. 1995) and
have attributes that are favored by disturbance, such as
dryland conditions. The hemicryptophytes and geo-
Table 2. Floristic composition of the dryland and irrigated agroecosystems









Alternanthera sessilis L. Amaranthaceae H – – + +
Ammannia baccifera Lythraceae T + + – –
Anagallis arvensis L. Primulaceae T – – + +
Aneilema nudiflorum Br. Comdinaceae T + + – –
Caesulia axillaris Roxb. Caesalpinaceae H – + – –
Cleome viscosa L. Capparidaceae T + – – –
Chenopodium album L. Chenopodiaceae T – – + +
Commelina benghalensis L. Commelinaceae H – + – –
Corchorus acutangulus Lamk. Tiliaceae T + + – –
Cynodon dactylon L. Poaceae H + + + +
Cyperus L. spp. Cyperaceae G + + + +
Dicanthium annulatum Forssk. Poaceae H – – + +
Echinochloa colonum L. Poaceae H + + – –
Eleocharis plantaginea R. et S. Cyperaceae H – + – –
Ipomoea aquatica Forssk. Convolvulaceae T – + – –
Justicia simplex D.Don Acanthaceae T + + – –
Lathyrus aphaca L. Fabaceae T – – + +
Lathyrus sativa L. Fabaceae T – – + +
Lindernia ciliata Colsm. Scrophulariaceae T + + – –
Lindernia crustacea L. Scrophulariaceae T + + – –
Melilotus indica L. Fabaceae T – – – +
Melilotus sativus L. Fabaceae T – – – +
Monochoria vaginalis Pontederiaceae H – + – –
Oldenlandia corymbosa L. Rubiaceae T + – – –
Phalaris minor Retz. Poaceae T – – + +
Phyllanthus niruri auct. Euphorbiaceae T + + – –
Phyllanthus urinaria L. Euphorbiaceae T + – – –
Polygonum barbatum L. Polygonaceae H + + + +
Rumex dentatus L. Polygonaceae T – – + +
Rungia parviflora Retz. Acanthaceae H + + – –
Setaria glauca auct. Poaceae T + + – +
Sida acuta Burm. F. Malvaceae H + – – –
Solanum nigrum L. Solanaceae T – – + +
Sporobolus diander Retz. Poaceae H – – + –
Vicia hirsuta L. Fabaceae T – – – +
Vicia sativa L. Fabaceae T – – – +
Total 17 18 13 17
Unique species 4 5 1 4
G, geophyte; H, hemicryptophyte;T, therophyte; +, present; –, absent.
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phytes have higher longevity due to clonal propagation
and perrenating structures help them to sustain them-
selves in the harsh conditions of dryland areas.
Fertilizer application, the presence of a crop, and sam-
pling dates affected the IVI of the different functional
groups in both the dryland and irrigated rice ecosys-
tems (Tables 3,4). In the irrigated rice plots, when the
fertilizer was applied, the plots had a relatively greater
number of hemicryptophytes compared to therophytes
(Table 4). Also, geophytes were not recorded on three
out of five sampling dates in the plots where rice was
cultivated. In the dryland lentil plots, an increase in the
IVI of the hemicryptophytes and a decrease in the IVI
of the geophytes were observed with the crop growth
period (Table 5). The availability of resources, in
the form of fertilizer, altered the functional weed
composition.
However, in the irrigated wheat plots, a reduction in
the IVI of the hemicryptophytes, with a related
increase in the importance of the therophytes, was
observed as the crop progressed towards maturity
(Table 6). Streibig (1979) reported that therophytes,
hemicryptophytes, geophytes, and chamaeophytes con-
stituted, respectively, 63%, 26%, 8%, and 3% of the
weed flora in the crop fields of Denmark. According to
Streibig (1979), the number of therophytes tended to
decrease and the number of hemicryptophytes tended
to increase with the increasing crop growth period. In
the present study, the IVI of the hemicryptophytes
exhibited an increasing trend with the crop growth
period only in the dryland rice and lentil plots, whereas
in the irrigated rice plots, no such trend was evident.
The probable reason for such trends could be the
higher longevity of the hemicryptophytes in dryland
conditions. Hidalgo et al. (1990) reported 79%, 4%, and
8% of therophytes, hemicryptophytes, and geophytes,
respectively, in the spring-sown dryland crops of the
Córdoba region in Spain. Hidalgo et al. (1990) opined
that the seasonality of the crop had a marked influence
on the weed flora, mainly because of the relationship to
its phenological cycle.
The PCA ordination of the crop plots, on the basis of the
mean values of the IVI for different functional types of
weeds, is illustrated in Fig. 3. The PCA axes 1 and 2
accounted for 13% and 6% of the variation, respectively.
The PCA ordination on the basis of the crop plots for
different functional types is illustrated in Fig. 4.The PCA
axes 1 and 2 accounted for 6% and 4% of the variation,
respectively. The dryland crop plot forms a coherent
group among them.The irrigated weed plots also formed
a coherent group irrespective of the control and fertil-
ized plots. The dryland lentil plots formed a transition
group between the dryland and irrigated crop plots.The
irrigated wheat plots behaved differently in terms of the
functional types and segregated far-off from the other
plots (Fig. 3). The PCA analysis of the functional types
on the basis of the crop plots at the initial and final DAS
indicated that the geophytes did not differ highly at the
initial and final sampling, as they were closely associated
(Fig. 4). However, the hemicryptophytic and therophytic
weed species composition differed, as they segregated
far-off spatially (Fig. 4), indicating that the weed species
composition was heavily altered at the initial and final
sampling.
Phanerophytes and chamaeophytes are normally absent
in cultivated fields, which was also found in the pre-
sent study. McIntyre et al. (1995) found that water-
enriched sites have fewer geophytes and phanerophytes
PCA Axis 1


































Fig. 2. Principal components analysis (PCA) ordination of
all the crops on the basis of the ImportanceValue Index of
the weed species for (a) the initial days after sowing (DAS)
and (b) the final DAS.
Weed functional groups in India 255
© 2008 The Authors
Journal compilation © 2008 Weed Science Society of Japan
and some chamaephytes, erect rosettes, and proto-
hemicryptophytes. Water enrichment was unrelated to
the dispersal unit morphology or the potential for veg-
etative reproduction. By improving the conditions for
plant growth, water enrichment generally increases
competition through the build-up of biomass and litter
(McIntyre et al. 1995). The weed flora is dominated by
therophytes and geophytes. Although producing a
modest amount of seed for future generations, the geo-
phytic weeds begin each growing season with under-
ground carbohydrate reserves that are stored in the
perennating parts, such as stolons, bulbs, tubers, and rhi-
zomes, that afford a tremendous competitive advantage
over associated crops (Holt & Orcutt 1996). Geophytes
might be excluded from water-enriched sites because of
a lack of competitive ability linked with their generally
small stature and also because they lack plasticity of shoot
growth in response to resource availability (McIntyre
et al. 1995).
CONCLUSION
The weed flora of the dryland rice, dryland lentil, and
irrigated wheat plots in the present study was domi-
nated by therophytes. Geophytes were next in impor-
tance in the dryland rice plots and hemicryptophytes in
the irrigated rice, dryland lentil, and irrigated wheat
ecosystems. The relative proportions of the functional
types were significantly affected by fertilizer applica-
Table 3. Importance Value Index of the different functional groups of weeds in the dryland (DR) and irrigated (IR)
rice plots during the rainy season crop period
Functional group Time Weed-only Rice + weed
Control Fertilized Control Fertilized
DR IR DR IR DR IR DR IR
Hemicryptophytes 15‡ – 18 – 18 – 0 – 90
30† 7 – 12 – 9 – 12 –
45†‡ 15 122 19 163 13 183 10 200
65† 13 – 9 – 6 – 7 –
75‡ – 100 – 149 – 146 – 181
90† 23 – 24 – 13 – 42 –
105‡ – 29 – 63 – 0 – 22
125‡ – 66 – 55 – 24 – 0
Geophytes 15‡ – 58 – 30 – 65 – 104
30† 42 – 45 – 55 – 52 –
45†‡ 53 34 41 0 42 0 41 0
65† 51 – 42 – 50 – 38 –
75‡ – 33 – 54 – 0 – 0
90† 42 28 45 34
105‡ – 56 – 60 – 0 – 0
125‡ – 19 – 13 – 45 – 51
Therophytes 15‡ – 150 – 152 – 117 – 0
30† 154 150 136 143
45†‡ 132 37 138 37 150 17 149 0
65† 134 134 144 216
75‡ – 17 – 0 – 54 – 19
90† 136 142 134 153
105‡ – 115 – 20 – 200 – 200
125‡ – 126 – 88 – 121 – 128
†Days after sowing for DR; ‡days after transplant for IR.
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tion, the presence of crops, and sampling dates. The
study generated a substantial amount of data regarding
the functional types of weeds in dryland and irrigated
agroecosystems at the temporal scale. Storkey (2006)
also advocated a functional group approach for the
management of arable weeds in Hertfordshire, UK.The
results suggest that hierarchical management options are
necessary in relation to the weed functional types in
different crop plots.The temporal scale is important for
the management of weeds as the seasonality of the crop
and well-defined climatic periods affect the functional
weed flora.
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Fig. 3. Principal components analysis (PCA) ordination of
the crop plots on the basis of the mean Importance Value
Index values of the functional types of weeds. A, dryland
rice + weed, control (no fertilizer); B, dryland rice + weed,
fertilizer; C, dryland weed only, control; D, dryland weed
only, fertilizer; E, irrigated rice + weed, control; F, irrigated
rice + weed, fertilizer; G, irrigated weed only, control; H,
irrigated weed only, fertilizer; I, irrigated wheat, J, dryland
lentil.
PCA axis 1





















Fig. 4. Principal components analysis (PCA) ordination of
the different functional types on the basis of crop plots. G,
geophyte; H, hemicryptophyte;T, therophyte; i, initial days
after sowing (DAS); f, final DAS.
Table 4. Importance Value Index (IVI) of the different
functional groups of weeds in the dryland lentil (DL) and
irrigated wheat (IW) plots
Functional group DAS IVI
DL IW





















*Effect of the DAS was significant at P < 0.001 in all cases for the DL
plots, and at P < 0.001 for the hemicryptophytes †, at P < 0.05 for the
therophytes ‡, and not significant (NS) for the geophytes in the IW
plots. DAS, days after sowing.
Weed functional groups in India 257
© 2008 The Authors
Journal compilation © 2008 Weed Science Society of Japan
REFERENCES
Benvenuti S. 2007. Weed seed movement and dispersal strategies in the
agricultural environment. Weed Biol. Manag. 7, 141–157.
Cody M.L. 1991. Niche theory and plant growth form. Vegetatio 97,
39–55.
Curtis J.T. and McIntosh G. 1950. The interrelations of certain analytic
and synthetic phytosociological characters. Ecology 31, 434–
455.
Diáz S. and Cabido M. 2001. Vive la difference: plant functional
diversity matters to ecosystem processes. Trends Ecol. Evol. 16,
646–655.
Grime J.P. 1974. Vegetation classification by reference to strategies.
Nature 250, 26–31.
Grime J.P. 1979. Plant Strategies and Vegetation Processes. John Wiley &
Sons, Chichester.
Hidalgo B., Saavedra M. and Garcia-Torres L. 1990. Weed flora of
dryland crops in the Córdoba region (Spain). Weed Res. 30, 309–
318.
Holt J.S. and Orcutt D.R. 1996. Temperature thresholds for bud
sprouting in perennial weeds and seed germination in cotton. Weed
Sci. 44, 523–533.
Huston M.A. 1994. Biological Diversity:The Coexistence of Species on
Changing Landscapes. Cambridge University Press, Cambridge.
Jackson M.L. 1958. Soil Chemical Analysis. Prentice Hall, Englewood
Cliffs, NJ.
Lavorel S., McIntyre S., Landsberg J.J. and Forbes T.D.A. 1997. Plant
functional classifications: from general groups to specific groups based
on response to disturbance. Trends Ecol. Evol. 12, 474–478.
Lemerle D., Storrie A. and Panetta F.D. 2004. The potential role of
weed functional groups in cropping systems. In: Proceedings of the 14th
Australian Weeds Conference (Wagga, New South Wales, 6–9 September
2004). Weed Society of New South Wales, Sydney, 133–135.
McAleece N. 1997.Biodiversity Pro. [Cited 25 December 2004.] Available
from URL: http://www.sams.ac.uk/dml/projects/benthic/bdpro.
McIntyre S., Lavorel S. and Tremont R.M. 1995. Plant life-history
attributes: their relationship to disturbance response in herbaceous
vegetation. J. Ecol. 83, 31–44.
Table 5. Summary of the anova on the functional life-forms in the rice crop in the dryland agroecosystem
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Crop ¥ days 3 450.17 0.000 3 1046.43 0.000 3 14 359.43 0.000
Fertilizer ¥ days 3 1161.49 0.000 3 668.72 0.000 3 6 224.76 0.000
Crop ¥ fertilizer ¥ days 3 1274.56 0.000 3 299.97 0.000 3 7 259.02 0.000
Error 32
†Crop + weed/weed-only.
Table 6. Summary of the anova on the functional life-forms in the rice crop in the irrigated agroecosystem
Dependent variable Functional life-form
Hemicryptophyte Geophyte Therophyte
d.f. F P d.f. F P d.f. F P
Crop† 1 1 550.82 0.000 1 5 291.81 0.000 1 1 120.68 0.000
Fertilizer 1 26 426.95 0.000 1 1.11 0.299 1 7 784.87 0.000
Days 4 52 605.60 0.000 4 21 004.20 0.000 3 18 489.43 0.000
Crop ¥ Fertilizer 1 329.87 0.000 1 4 799.83 0.000 1 16.25 0.002
Crop ¥ days 4 16 734.10 0.000 4 23 988.60 0.000 3 11 298.60 0.000
Fertilizer ¥ days 4 5 120.77 0.000 4 1 353.26 0.000 3 712.96 0.000
Crop ¥ Fertilizer ¥ days 4 4 556.73 0.000 4 3 666.14 0.000 3 2 564.56 0.000
Error 40
†Crop + weed/weed-only.
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